Infiltration of water into the soil is an important physical process affecting the fate of water under field conditions, especially the amount of subsurface recharge and surface runoff and hence the hazard of soil erosion. The study was conducted to evaluate the infiltration models of soils developed on coastal plain sands and to select a suitable models as a basis to improve the management of the soil. A total of 16 infiltration runs were made with the double ring infiltrometer. For the purpose of getting best fitting model, the results obtained from various infiltration models were compared with observed field data. The parameters considered for best fitting of model were correlation coefficient and coefficient of variability (CV). Model-predicted cumulative infiltration consistently deviated from field-measured data, that is, the models under-predicted cumulative infiltration by several orders of magnitude for Kostiakov, Green Ampt and Philip model but the and 22.56%. However, there was a fairly good agreement between mean-measured cumulative infiltration (7.30 cm/hr, CV = 32.19%); Philips (1.93 cm/hr, CV = 42.49%); Kostiakov (0.13 cm/hr, CV = 30.77%); Horton (64.49 cm/hr, CV = 22.39%) and Green Ampt model (42.04 cm/hr, CV = 0.57%) respectively. The data however showed that the correlation coefficient for Kostiakov (1.00) was best fitting in predicting the field measured data and this was closely followed by Green Ampt (0.88); while Philip's model and Horton model showed a negative correlation (r = -0.88 and r = -0.82) with the field measured data. Conservation measures involving mulching, cover cropping and afforestation are recommended to improve the soil structure and infiltration capacity.
INTRODUCTION
Water is one of the principal factors limiting the growth of plants not only in arid and semi-arid environment where total crop needs usually exceed water supply, but also in the humid environment high rainfall distribution and low moisture availability to plants bring about water stress [11] . Infiltration is the movement of water into the soil from the surface. The water is driven into the porous soil by force of gravity and capillary action. First the water wets the soil grains and then the extra water moves down due to resulting gravitational force. The rate at which a given soil can absorb water at a given time is called infiltration rate and it depends on soil characteristics such as soil texture, hydraulic conductivity, soil structure, vegetation cover etc. [2] .
Infiltration rate is a characteristic of the surface soil and varies greatly with the soil texture and being greatly influenced by depth and type of vegetation cover over the soil surface which dampen the kinetic energy impact of large raindrops from dislodging surface soil particles and producing surface sealing and crusting [3] . Water infiltration into the soil is a very important issue in soil water management and water resource conservative practices. Infiltration rate describes the capacity of a soil to absorb water. Its characteristics are key variables in hydrologic analysis and modelling [8] . Infiltration of water into the soil is of great practical importance to agriculture since it determines the amount of subsurface recharge and surface runoff, and hence the hazard of soil erosion. Knowledge of the infiltration process is a prerequisite for efficient soil and water conservation [10] . The two important parameters for characterizing the infiltration of water into the soil profile are the rate and the cumulative amount [14] . In order to design and manage different irrigation methods, the awareness of soil infiltration characteristics seems to be necessary.
Infiltration depends on soil characteristics and field surface conditions. The value of infiltration equation for a field necessitates executing field's tests under common conditions. The infiltration equations are presented as basic, empirical and physical models [12] . Infiltration characteristics of a soil are a useful property required in several hydrology based studies that describe rate of water entry into the soil. Soil management and cultural practices, which have direct influence on soil water movement, affect coefficients of determination of infiltration models. Knowledge of soil infiltration characteristics is a required input in increasing irrigation water use efficiency, design of irrigation systems, and decrease water and soil losses, all of which are crucial factors in agriculture. However, field measurements of soil infiltration are cumbersome, expensive, and timeconsuming and give only local scale results. As such infiltration equations or models such as Kostiakov model, Green Ampt model, Philip's and Horton models offer a viable option to estimate field infiltration characteristics of soils [6] . The primary objective of this study was to evaluate the infiltration models and to select suitable models as a basis to improve the management of the soil.
MATERIALS AND METHODS

Description of the Study Area
The study was conducted in Calabar Municipality Local Government Area, Cross River State 
Experimental Layout
The area was marked out on a 6 m x 6 m grid and spaced at interval of 2 m giving a total of 16 observation points. Sampling is done at points (marked with dots) 1-16 for particle size distribution, bulk density, particle density and total porosity.
Measurement of Infiltration Rate
A cylinder infiltrometer of length 15 cm and diameter 5 cm was driven into the soil at each of the 16 points up to a depth of 7.5 cm. The base of the infiltrometer is mulched to reduce lateral flow of water. A 2 cm mark is made from the top of the cylinder, to serve as a constant hydraulic head. Water is poured into the infiltrometer up to the brim and the time of fall of the level of water to the 2 cm is noted. The procedure is repeated for an average infiltration rate before proceeding to the next point on the grid. Data collected were used to calculate infiltration rate and cumulative infiltration. Measured infiltration data were fitted into four different infiltration models (Green Ampt, Kostiakov's, Philip's and Horton's model) ( Table  1) to determine the best-fit model for soils of the study area. Linear regression analysis with the use of SPSS software version 18 was used to obtain the model parameters. Undisturbed soil samples at depth of 0 to 15 cm and about 2 m apart from the infiltrometer were collected using a soil core sampler and spade. The samples were labelled and carefully transported to the laboratory for analysis. 
Laboratory Analysis
The soil samples collected were air-dried, then gently crushed to pass through a 2 mm mesh sieve. Particle size distribution was determined by a modified Bouyoucos hydrometer method as described by [5] . Bulk density was determined by core method according to [7] . Particle density was determined by the pycnometer method [1] . Total Porosity was calculated from the result of Bulk density using the formula:
Statistical Analysis
The results on the infiltration rate and soil physical properties were statistically analysed using range, mean, standard deviation, coefficient of variability and linear regression analysis was used to obtain the model parameters with the use of SPSS software version 18. Table 2 show the physical properties of the studied area.
RESULTS AND DISCUSSION
Physical Properties
Particle Size Distribution
The particle size distribution of soils developed on coastal plain sands in Calabar Municipality shows that Sand was the dominant soil fraction and it ranged from 660 to 760 gkg 
Bulk Density
The bulk density ranged from 1.60 to 2.20 gcm -3 with mean value 1.84 gcm -3 and coefficient of variation of 9.78 per cent. The high Bulk density suggests that mechanical impedance might have occurred probably due to Fulani Cattle trampling.
Particle Density and Total Porosity
The particle density ranged from 1.89 to 2.94 gcm -3 with mean value 2.44 gcm -3 and coefficient of variation of 10.66 per cent while the total porosity ranged from 10.00 to 38.80 per cent with mean value 22.56 per cent and coefficient of variation 43.62 per cent for the 16 observation point.
Infiltration Rate of the Soil
The infiltration rate of the soils as shown in Table  3 ranged from 2.55 to 10.91 cm/hr with mean value of 7.30 cm/hr and coefficient of variation of 32.19 per cent as shown in Table. 3. This was similar to the finding of [4] who reported that the infiltration rate in the soils of Akpabuyo Area was 7.6 cm/hr. Surface irrigation was therefore not recommended probably because of the high sand and low clay contents as well as high bulk density which influence water movement into the soil. 
Infiltration Models of the Soil
A comparison between measured and modelpredicted cumulative infiltration (Table 3) showed that consistently the values predicted by Kostiakov, Green Ampt, and Philip's model deviated mostly from field measured data, that is, the models under-predicted cumulative infiltration but however on the other hand the model overpredicted cumulative infiltration for Horton model in this study. The data further showed high spatial variability of measured and predicted cumulative infiltration. The Kostiakov model was best fitting in predicting the cumulative infiltration in the study area with a high correlation coefficient (r = 1.00 with CV = 30.77%) and this was in agreement with the finding of [10] ; this was closely followed by Green Ampt model (r = 0.88 with CV = 0.57%) but Philip's model and Horton model showed a negative correlation coefficient (r = -0.88 with CV = 42.49%; r = -0.82 and CV = 22.39%).
CONCLUSION
The study evaluated the infiltration characteristics of soils developed on coastal plain sands in Calabar Municipality Local Government Area, Cross River State-Nigeria. The results showed that the soils of the study area have an infiltration rate which had a mean value of 7.30 cm/hr with high sand content and low clay contents as well as high bulk density which influence water movement into the soil. Among the four models used for the studied area, Kostiakov model (r = 1.00) was best fitting in predicting the cumulative infiltration and followed by Green Ampt model (r = 0.88) while Philip's and Horton model showed a negative correlation. This result could be used to plan good irrigation scheduling for optimum crop growth and to advice farmers on the type of irrigation method to be adopted during farming season. 
